the substance is ingested 30-60 minutes before exercise to allow the caffeine levels in the bloodstream to reach peak values 4, 5 .
Caffeine may affect performance through both peripheral and central mechanisms. The mechanism for improved endurance, sprint, and power performance has been related to a simple biologic mechanism, such as glycogen sparing, increased intracellular Ca ++ concentration, or altered excitation-contraction coupling [6] [7] [8] [9] . However, a caffeine paradigm for improved athletic performance is a complex, including biologic mechanisms, and cognitive perception 5 . Davis et al. 10 proposed a mechanism by which caffeine delays fatigue through its effects on the central nervous system (CNS). Recently, this mechanism has gained popularity because of previously known effects of caffeine as a CNS stimulant, through its action as an adenosine receptor antagonist, and its analgesic effects on the CNS.
Although the physiological basis of caffeine intake is well described, its clinical effect of improving athletic performance remains controversial. Caffeine intake has been reported to be safe to the cardiovascular system that does not cause changes in heart rate, blood pressure and heart rate variability 11 . However, the results are mixed in the context of "strength" 12 and "resistance" tests 13, 14 , using different tests to evaluate the strength (i.e., 1-RM test and maximal voluntary contraction -MVC) and endurance (i.e., repetitions until fatigue). This division does not describe the complexity of different tests, and it is difficult to classify tests into only two groups.
A pertinent question is whether the effects of caffeine supplementation are similar in all tests considered "endurance" or "strength" and if these effects could be limited to a subset of these two larger groups. From this perspective, this systematic review and meta-analysis of randomized clinical trials aims to verify whether acute caffeine supplementation improves athletic performance regardless of whether the tests involve "endurance" or "strength", but considering the same types of tests conducted by performance athletic.
MATERIALS AND METHODS
Systematic Review A systematic review of the literature was carried out to analyze the acute effects of caffeine intake on athletic performance, which was defined as: 1) the maximum total running distance during the test, 2) the time trial performance in exercise, and 3) the muscle power generated during exercise. The search included articles published between January 2010 and December 2015 and was carried out using the PubMed and Bireme databases. The terms used in the search were "caffeine" or "exercise" or "performance" or "drink" or "capsule." Only studies with humans were included.
Inclusion criteria
The criteria for inclusion in the analysis were: 1) studies with physically active humans (i.e., individuals involved in physical activities of medium slow/medium-intensity physical activities); 2) studies with at least two trials (or separate groups of subjects), in which the subjects consumed caffeine in one trial (or group) and placebo in the other, and 3) studies that showed results in absolute values of the studied variables (i.e., maximum running distance, time trial performance and muscle power).
The exclusion criteria were: 1) use of co-ingested caffeine with other known or potential ergogenic compounds (i.e., creatinine, ginseng, and taurine), used sweetened beverages containing caffeine or no sugar; 2) trials that included women, children, adolescents, and sedentary men; 3) studies that did not have full texts (in such cases, an attempt was made to retrieve the necessary data by e-mailing the author; and 4) duplicity in the two search criteria.
Selection of studies
Two reviewers (BGR and FSJ) separately carried out a full-text analysis of all eligible articles to independently check if all the inclusion and exclusion criteria were in agreement. Any disagreement between reviewers was discussed. If no agreement was reached, a third reviewer (APM) was consulted.
Data collection
Two reviewers (BGR and FSJ) independently extracted data from all eligible studies. Any disagreement was resolved as mentioned above. Continuous outcomes, means, and standard deviations were used. For data analysis, the studies were classified under maximum running distance, time trial performance and muscle power. For meta-analysis, the data were generally extracted using means, standard deviations, and sample sizes (n) for both caffeine and placebo conditions. For both treatments in all studies, the mean differences and 95% confidence intervals (CI) were calculated for comparison of continuous outcomes by using a random effects model.
Assessment of bias risk and study quality
The systematic error of the 13 studies was assessed using the Cochrane risk of bias tool. The following dimensions were considered: random sequence generation, allocation concealment, blinding of participants, blinding of personnel, blinding of outcome, incomplete outcome data, selective outcome reporting, and other sources of bias. The risk judgement was assessed by using prespecified criteria about the adequacy of the study and was expressed as "low risk of bias," "high risk of bias," or "unclear risk of bias" 15 .
Meta-analysis
The meta-analysis was completed using the Comprehensive Meta-analysis software (version 2.2; Biostat Inc., Englewood, NJ). The data were extracted and converted into a standard format by calculating the standardized mean difference (SMD), referred to as "effect size" in the Results and Discussion. Figure 1 illustrates the selection of studies included in the analysis. A total of 13 studies published between 2010 and 2015 were included in the meta-analysis of the effects of caffeine on maximum running distance (n= 2), time trial performance (n= 7) and muscle power (n= 4). The total sample consisted of 174 individuals. The mean age of individuals of the studies varied between 20.8 and 36.2 years. One study, however, did not report the age of the subjects. The dosage of caffeine varied between ~2.5 and 10 mg/kg of body weight; one study used a fixed dosage for the whole sample. In this case, to categorize the amount of caffeine consumed, the quantity of consumed caffeine was divided by the mean body mass of the sample. All articles used caffeine in capsules. General characteristic of the studies included on systematic review and meta-analysis are shown in Table 1 .
RESULTS

DESCRIpTION OF THE INCLUDED STUDIES
Analysis of the subgroup of quantitative data (Dosage) Table 2 illustrates the effect sizes of trials related to dosage (maximum running distance, time trial performance and muscle power). The dosage of 6 mg/kg on the time trial performance was significant with the effect size of -0.45 (-0.81 to -0.08; p= 0.01). No significant results were identified for the effects for <6 mg/kg dosage in the time trial performance (p= 0.18). Comparisons with maximum running distance and muscle power were not possible, since few articles were included for analysis in subgroup.
Assessment of quality and publication bias
Two of the studies assessed had a clear description of the random sequence generation (low risk of bias). Only one study reported allocation concealment (low risk of bias). A complete description of blinding of participants (low risk of bias) was observed in 11 studies, and blinding of personnel (low risk of bias) in 8 studies. One article had complete information on blinding of outcome assessors (low risk of bias); one article had incomplete outcomes (high risk of bias). All 13 evaluated studies reported selective outcomes describing the results and what had been identified (low risk of bias). These 13 studies were insufficient to assess other risks of bias (unclear risk of bias) ( Figure 2 ). Effect of caffeine intake on maximum running distance Two of the studies applied the yo-yo test (i.e., field test designed to estimate the maximum oxygen uptake -VO2max and the maximum running distance by athletes) to assess the maximum running distance of the subjects. The authors used caffeine dosage of 5 mg/kg of body weight 16 and 6 mg/kg of body weight 17 and found no improvement in the maximum running distance of the subjects (effect size = 0.37, p= 0.14, interpretation: small; Figure 3 ). The I2 statistic showed minimal heterogeneity between the studies (I2= 0.00; p= 0.55).
Effect of caffeine intake on time trial performance Seven studies were included in the evaluation of time trial performance in cycling. Four of these studies used a caffeine dosage of 6 mg/kg of body weight 5, [18] [19] [20] , two studies used a caffeine dosage of 3 mg/kg of body weight 21, 4 and one study used an intake fixed dose of 200 mg of caffeine (~2.5 mg/kg of body weight) 22 . Desbrow et al. 18 and Irwin et al. 4 evaluated the shortest time to reach a target amount of work among cyclists. Bortolotti et al. 5 and Acker-Hewitt et al. 21 applied a distance of 20 km, whereas Spence et al. 22 , Skinner et al. 20 and Womack et al. 19 used a distance of 40 km. The studies showed an improvement in time trial performance among the subjects who ingested caffeine (effect size= -0.40, p< 0.01, interpretation: small; Figure  4 ). The I2 statistic showed minimal heterogeneity between the studies (I2= 0.00; p= 0.87).
Effect of caffeine intake on muscle power
Four studies evaluated muscle power generated in cycling. Three of these studies [23] [24] [25] used the Wingate test; the other study 26 used seven sprints for a maximum of 10 seconds. The average dosage of caffeine was 6.5 mg/kg of body weight. The studies did not show an improvement in the muscle power generated by the subjects who ingested caffeine (effect size = 0.17, p= 0.36, interpretation: trivial; Figure 5 ). The I2 statistic showed minimal heterogeneity between the studies (I2= 0.00; p= 0.94). 
DISCUSSION
The aims of this systematic review and meta-analysis were to evaluate the effects of caffeine supplementation on athletic performance. The main finding of this study was that caffeine improves performance on the time trials performance, but not on maximum running distance and muscle power test. In addition, subgroup analysis revealed that the effect of caffeine in the time trials performance test may be related to 6 mg/kg of body weight dosage.
The exact mechanisms by which caffeine exerts ergogenic effects are still under debate, with suggested mechanisms including fatty acid mobilization and oxidation and endogenous glycogen content sparing, attenuating fatigue 27 . The studies included in the evaluation of the maximum running distance did not improved performance with the use of caffeine (p= 0.14). In the individual analysis of the studies there was no response of caffeine. According to the hypothesis of Bassini et al. 16 , the hyperammonic state changes the function of the blood-brain barrier and is postulated to cause central fatigue during exercise. However, we observed that the maximum running distance was small to induce hyperammonemia in athletes and consequently it was also small to test the positive ergogenic effect of caffeine. Marriot et al. 17 reported high variation in maximum running distance between assessed subjects, which they attributed to the existence of "high" and "low" responders to caffeine.
Subgroup analyses revealed that the improvement in time trial results may be related to the dose. According to Desbrow et al. 18 , the use of high caffeine dosage could increase blood concentration of epinephrine and improve performance during the time trials performance test. Skinner et al. 20 explained that independent of dosage, for the ergogenic benefit of the peripheral action of caffeine to occur, greater availability of muscle is required (i.e., increased concentrations of caffeine at the site of action). Additionally, Irwin et al. 4 showed that acute caffeine supplementation positively affected exercise performance. The positive ergogenic effect of caffeine was found to be related to alteration in the rating of perceived exertion. Desbrow et al. 18 suggested that this mechanism (i.e., the central effects mediated by adenosine receptor antagonism) might explain the ergogenic effect of caffeine on exercise performance by using the time trials performance.
The null findings obtained in the studies of Acker-Hewitt et al. 21 and Bortolotti et al. 5 may relate to the nature of the performance protocol. Bortolotti et al. 5 used closed-loop protocol time trials. This allowed for the development of strategies during the test to finish in the shortest possible time, preventing the athlete from reaching exhaustion. On the other hand, although different doses of caffeine were used, there were similarities in the methodologies applied by Bortolotti et al. 5 , Acker-Hewitt et al. 21 , and Spence et al. 22 . In these three studies, participants ingested caffeine 60 minutes before the test and were instructed not to ingest any food or drink that might contain caffeine 48 hours before testing.
Regular consumption of caffeine has been associated with an upregulation of the number of adenosine receptors in the vascular and neural tissues of the brain 28, 29 . Based on these observations, it could be speculated that habitual and non-habitual caffeine consumers would respond differently to caffeine supplementation during exercise. The minimum period of caffeine fasting in diet that is needed to obtain greater sensitivity to its action is not well established in the literature. Tavares and Sakata 30 indicated that the time required for the beginning of abstinence varies between 12 and 24 hours after cessation of consumption but could range between 48 and 216 hours. In the articles evaluated in the current study, it is possible that the subjects had low sensitivity to caffeine, which would require a longer period of abstinence and/or an increase in the dosage used. In particular, in Spence et al. 22 , subjects were consumers of caffeine; thus, the dosage of 2.5 mg/kg of body weight used may be considered low. In fact, Warren et al. 31 indicated in their meta-analysis that the commonly used caffeine dosage was 4-6 mg/kg of body weight.
These results reinforce the notion that responses to caffeine may be triggered by other factors, such as genetics, Figure 5 . Forest plot of the total effect size from the four studies that assessed the effect of caffeine intake on muscle power in cycling. rather than habitual caffeine intake per se. According to Womack et al. 19 , genetic polymorphisms in genes related to caffeine metabolism (aryl-hydrocarbon receptor [AHR], cytochrome p450 1A1 and 1A2 (CYp1A1-CYp1A2, prenyl (Decaprenyl)) are a potential explanation for the variability in the ergogenic response to caffeine supplementation in trained cyclists. These authors reported a significant main effect of supplementation with 6 mg/kg of body weight of anhydrous caffeine on the performance of cyclists. Given these prior findings, it could be hypothesized that a slower metabolism would be advantageous for maximizing the ergogenic benefit of caffeine. However, the major finding of their study was that caffeine affected the 40-km TT performance of cyclists homozygous for the AA (i.e., caffeine is metabolized at a higher rate) variant to a greater degree compared with cyclists with the C (i.e., caffeine is metabolized at a lower rate) variant. Specifically, caffeine decreased the 40-km TT time by an average of 3.8 minutes in the AA homozygotes compared with 1.3 minutes in the C-allele carriers. The authors speculate that the rapid accumulation of caffeine metabolites may have been responsible for the positive ergogenic effect in AA homozygotes. Paraxanthin and theophylline (metabolites downstream of caffeine metabolism) have higher binding affinities with adenosine receptors than caffeine 32 . Thus, it is possible that a faster caffeine metabolism in AA homozygotes created a faster production of paraxanthine and/or theophylline and thus increases the ergogenic effect.
It has been suggested that caffeine increases strength and muscle power performance through greater motor unit firing rates, increased calcium release from the sarcoplasmic reticulum, and surges in nitric oxide concentrations, working collectively to produce stronger muscle contractions 33 . However, it is possible that slow-twitch fibers are more sensitive to such action than fast-twitch fibers 34, 35 , which could help to explain the limited ergogenic effect upon maximal strength and muscle power. In their evaluation of the contractile properties of skeletal muscle, Souissi et al. 24 , Souissi et al. 25 , Silva et al. 23 and Glaister et al. 26 suggest that the positive benefit of caffeine use in cyclists may be more effective in longer time evaluations of muscle power compared to shorter tests. Thus further research is needed to elucidate the ergogenic effects of caffeine during muscle strength exercises.
CONCLUSION
In conclusion, this meta-analysis showed that caffeine intake does not improve performance in maximum running distance and muscle power, but seems to improve time trial performance. The potential effect of caffeine on time trial performance related to caffeine dose. The results of the present study contribute to the knowledge of the ergogenic effects of caffeine in several tests that evaluate athletic performance. 
RESUMEN
Objetivo: Realizar una revisión sistemática y meta-análisis de la literatura de investigación que evalúa el efecto de la cafeína en el rendimiento atlético. Método: Un total de 13 estudios publicados entre 2010 y 2015 fueron incluidos en el meta-análisis de los efectos de la cafeína sobre la distancia máxima de carrera (2 estudios), el tiempo de prueba (7 estudios) y la potencia muscular (4 estudios). Los tamaños del efecto se calcularon como diferencias estandarizadas en las medias (std en los medias), y el meta-análisis se completó utilizando un modelo de efectos aleatorios. Resultados: La suplementación con cafeína no aumentó la distancia máxima de funcionamiento (tamaño del efecto= 0.37, p= 0.14) ni la potencia muscular (tamaño del efecto= 0.17, p= 0.36). Sin embargo, se observaron mejoras en el rendimiento del ensayo con tiempo (tamaño del efecto= -0.40, p< 0,01). Los análisis de subgrupos revelaron que la mejora en los resultados de los ensayos a tiempo podía estar relacionada con el uso de la dosis de 6 mg/kg de peso corporal de cafeína (tamaño del efecto= -0.45, p = 0.01). Conclusiones: El meta-análisis demostró que la ingesta de cafeína no mejora el rendimiento en la distancia máxima de carrera ni la potencia muscular, pero parece mejorar el rendimiento de la prueba de tiempo. Este efecto potencial de la cafeína en el rendimiento de la prueba de tiempo estuvo relacionado con la dosis.
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